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I. INTRODUCTION
XPANDED BED ADSORPTION (EBA)" is an innovative and special chromatography technique for the recovery, separation and purification of target proteins directly from broth. On the other hand, EBA column is a single-unit that combines several unit operation steps such as concentration, centrifugation, micro-filtration and other prior clarification steps than conventional packed bed/fluidized bed chromatography techniques and shown in Figure 1 . Advantages of EBA columns are decreasing the time of operation, total production costs, increasing product quality, process yield, etc. [1] , [2] , [3] . The performance of EBA column is quite complex due to the following factors i.e hydrodynamics of the column, terminal velocity of particle and target component separation. It is fundamental to understand the hydrodynamic characteristics of EBA system [3] , [4] . In EBA column, the adsorbent particles that are used should have a wide size/density distribution. At a particular liquid velocity (above minimum fluidization velocity of bigger particles), the particle reaches to hydrodynamic equilibrium due to the forces acting on a single particle that is balanced and it leads to weak particle mixing. 
II. LITERATURE SURVEY
Number of experimental and modelling studies performed to identify the axial variation of particle size over the bed height, within an EBA system. Many Researchers [4] , [5] employed in-bed liquid and particle sampling procedures to estimate the variation of hydrodynamic behaviour in an EBA system. They found that, classification of the particles occurs and particles with larger size/higher density were located at Predicting the Bed Height in Expanded Bed Adsorption Column using R-Z Correlation B.S.V.S.R. Krishna E the bottom regions and smaller size/lower density were near, at the top regions of the column. Their experimental results showed that the bed voidage increases with an increase of column height [4] , [5] . On the other hand, axial mixing and dispersion are much lower in the top zones than in the bottom zones [5] . Most of the studies performed on Stream line columns rather customized columns to suit the exact requirement. Present authors have studied the hydrodynamic parameters such as bed height and porosity measurements on newly fabricated column to suit the customized dimensions.
A. Average Bed Porosity/Voidage "Richardson and Zaki (1954) (R-Z)" [6] explained the correlation between superficial velocity, terminal velocity of particle with bed expansion (Eq. (1)). This correlation has been widely applied for liquid-solid fluidized beds in numerous empirical and semi-empirical studies of average bed expansion. The R-Z correlation was used to measure the average porosity for EBA column [7] and others employed this correlation to measure local bed voidage along the bed height in their classical fluidized bed models [8] , [9] . (1) where u t is the particle terminal velocity and n is the bed expansion index (R-Z correlation exponent) and n values are shown Method 2: The theoretical method of "Shiller and Naumann (1935) (S-N model)" [11] can also be used to predict [12] the particle terminal Reynolds number. The correlation was given below (3) where Ar is Archimedes number The terminal velocity calculated using Eq (4) as shown below (4) The above two methods were used to calculate the terminal velocity and substituted in Eq (1) of R-Z equation to calculate the average porosity. 
A. Materials
The particles used in this experiment were: particles 1, particle 2, particle 3 and particle 4. The physical properties were presented in Table 2 . The experiments were conducted in a plexi glass column with 19 mm (internal diameter) and height of 1m. A mesh was used as a liquid distributor at bottom and another mesh was used as protector at top of the column to prevent the particle carryover. Bed expansion/height was identified visually. All experiments were performed using high purity water. The schematic experimental setup was shown in 
B. Experimental Procedure
The column was loaded with known amount of solid particles with initial height of 5 (or) 10 cm. The liquid velocity was varied from 3 to 900 cm/hr. The static bed/settled bed porosity was measured as 0.39 by draining the liquid occupied in the pores for a given volume of bed with following formula. The velocities used in the experiments were above minimum fluidization velocity and calculated using Wen -Yu equation [13] with average particle diameter and tabulated in Table 3 .
IV. RESULTS AND DISCUSSION

A. Expanded Bed Height
The dependency of steady state bed height on superficial liquid velocity is plotted in Fig. 3 .
It can be seen from the Figure that bed gradually expands with superficial liquid velocity and reaches to the top of the column further the particles elutriates. The elutriation can be prevented by the top adaptor.
B. Porosity
The voidage/porosity of expanded bed is measured using the Eq. (4) (4) Figure 4a shows the variation of calculated terminal Reynolds number with Archimedes number. From the Fig 4a, one can identify that terminal Reynolds number increases with Archimedes number. This is in agreement with Literature. Figure 4b shows variation of Experimental average porosity with liquid velocity. The average porosity increases with increasing liquid velocity.
C. Prediction of Porosity
Present authors used two methods to predict the expanded bed porosity. 1) Use of Stokes law equation to calculate the terminal velocity and followed by the R-Z equation to calculate the average porosity. 2) Use of S-N Model to predict the terminal velocity and followed by R-Z equation to calculate the averaged porosity. The calculated terminal velocities of the above models are sown in Table 4 . The predicted/calculated values of the porosity are shown in Figure  5a and 5b respectively along with Literature data [12] , [14] , [15] . The literature data is in agreement with prediction data. Figure 6 shows the parity plot of predicted expanded bed height using the above two models. The predicted expanded bed height using Stokes equation is in good agreement with experimental bed height with Root Mean Square (RMS) error of 11.4 % than the other model of S-N (16.6%) for the present Authors experimental data. While including Literature data the RMS Error was increased further from 16.6% to 19.3% to the S-N model but the Stokes equation predicted with same RMS error.
V. CONCLUSION
The experiments on Expanded Bed Adsorption column are conducted to predict the average bed porosity or expanded bed height with four types of particles with a customised column. The following conclusions have been drawn from the study. 1) Bed Height and average bed porosity increased with increase in liquid velocity for all particles.
2) The increase in bed height was more for particles 3 and 4 than particle 1 and 2 for given liquid velocity due to the lower Ar for 3 &4. 3) Two models tested to predict the expanded bed porosity. 4) Stokes law followed by R-Z equation predicted better with an RMS error of 11.4 % for experimental and literature data than the S-N Model.
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